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Abstract
We examined the method for determining microquantities of lipids, including cholesterol,
cholesteryl esters and phospholipids. A standard colorimetric procedure of cholesteryl esters was
modified to accommodate a quantitative thin-layer chromatography. This method involved the
following steps. (1) Separation of lipids by a thin-layer chromatography: Lipids were applied
to Silica gel G plates. Plates were developed with petroleum ether-diethyl etheracetic acid (82:
18: 2, vIvIv). (2) Elution of cholesterol and its esters from scraped silica gel: After scraping the
silica gel with adhered cholesterol and its esters, they were eluted with chloroform-methanol (4:
1, v,tv). In the case of phspholipids, the silica gel was calcified. (3) Colorimetric determination
of the lipids: Cholesterol and its esters eluted from the silica gel were determined by the method
of ZAK with ROSENTHAL’S color reagent directly and after saponification, respectively. Phos-
pholipids were calculated from the phosphorous content determined by the method of KATES. On
the basis of examination of recovery and analyses of lipids extracted from tissue, it was concluded
that this method permitted a reliable estimation of microquantities of cholesterol, its esters and
phospholipids from small amounts of biological materials.
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Abstract: We examined the method for determining microquan-
tities of lipids, including cholesterol, cholesteryl esters and phospho-
lipids. A standard colorimetric procedure of cholesteryl esters was
modified to accommodate a quantitative thin-layer chromatography.
This method involved the following steps. (1) Separation of lipids by
a thin-layer chromatography: Lipids were applied to Silica gel G
plates. Plates were developed with petroleum ether-diethyl ether-
acetic acid (82: 18: 2, v IvIv). (2) Elution of cholesterol and its esters
from scraped silica gel: After scraping the silica gel with adhered
cholesterol and its esters, they were eluted with chloroform-methanol
(4: 1, v,tv). In the case of phspholipids, the silica gel was calcified.
(3) Colorimetric determination of the lipids: Cholesterol and its esters
eluted from the silica gel were determined by the method of ZAK with
ROSENTHAL'S color reagent directly and after saponification, respec-
tively. Phospholipids were calculated from the phosphorous content
determined by the method of KATES. On the basis of examination of
recovery and analyses of lipids extracted from tissue, it was concluded
that this method permitted a reliable estimation of microquantities of
cholesterol, its esters and phospholipids from small amounts of biolo-
gical materials.
Various procedures for quantitative estimation of cholesterol and chole-
steryl esters have been published, since GRIGAUT (1) determined cholesterol
by Liebermann-Burchard reaction in 1910, Among them should be mentioned
the specific methods reported by SCHOENHEIMER et al, (2) and SPERRY et al, (3),
These authors combined a simple chemical determination with purification by
digitonin precipitation of free cholesterol. The simple but precise method
was introduced by BADZIO et al, (4), who carried out extraction and separa-
tion on thin-layer chromatography (TLC), TLC methods were applied by
many investigators to chemical analysis of cholesterol and other neutral lipids
(5, 6, 7, 8), Although these are excellent methods of high specificity, these
necessitate relatively large amounts of materials,
Recently the determination of cholesterol in a biologic membrane seems
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to be significant because of the possible implication of the cholesterol in
membrane fluidity as well as phospholipids (9, 10). There is need for a
method that is sensitive enough to permit the examination of cholesterol from
such small sources as plasma membranes.
The authors described in this paper a microdetermination method of
cholesterol, its esters and phospholipids by TLC. The applicability of the
procedure for microanalysis of tissue lipids was also demonstrated on lipid
extracted from mouse liver.
MA TERIALS AND METHODS
Reagents: All reagents used were of standard grade and were obtained from
Wako Pure Chemical Industry, Ltd. and Katayama Chemical. Cholesterol was
recrystallized three times from hot ethanol. Cholesterylstearate was found to
be pure on TLC. Egg-lecithin was purified by preparative TLC. Cardiolipin
and phosphatidylglycerol from Staphylococcus aureus were purified by silicic
acid column chromatography (11). Chromatoplates measuring 20 X 20 cm coated
0.25 mm layer of Silica Gel G (Merk, Type 60) were prepared in the usual
manner. The plates were activated at 11O-120°C for 2 hours prior to use.
Preparation of Lipid from Mouse Liver: Mouse liver was homogenized in
small amounts of chloroform-methanol (2: 1, v Iv). About 20-fold volumes of
the solvent was added to homogenates. The extraction was performed by stir-
ring overnight. The extract thus obtained was subjected to Folch's partition
dialysis (12).
Chromtograpic Separation: Cholesterol, cholesterylstearate and unknown
lipid mixture extracted from mouse liver were dissolved in chloroform to give
concentration as O. 1, 0.2 and 1.0 mglml, respectively. One ml of each solution
were measured into test tubes followed by evaporation to dryness. The lipids
were redissolved in a minimum volume of chloroform and applied on a plate
using a capillary to form a band 2 cm wide about 2.5 cm from the bottom
of the plate. In order to transfer the remaining lipid residues onto the same
part of the plate, the application was repeated two more times in the same
manner. Care had to be taken to avoid damaging the surface of the silica gel.
As for the unknown lipid samples, the gravimetric determination should be
performed carefully. The weight of the lipid was determined after transferring
to a preweighed small test tube (1-2gr.). One dimensional system was developed
with the solvent mixture, petroleum ether (b. p. 30-60°Cl-diethyl ether-acetic
acid (82: 18: 2, v IvIv). The solvent front was allowed to move approx. one cm
from the top of the plate. The plate was then air-dried and placed in iodine
vapor to detect the lipid spots.
Extraction of Lipids from T LC: Cholestrol and cholesteryl esters fractions
were scraped off with a razor blade to glass stoppered centrifuge tubes separa-
tely, while phospholipid fraction was into a Kjeldahl flask. The appropriate
areas unstained with iodine were also removed to act blanks. Cholesterol and
cholesteryl esters were eluted from the silica gel in the following ways. The
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extraction was carried out with 5 ml of chloroform.methanol (4: 1, vIv) by
mechanical rotation at 40°C for 15 min. After centrifugating for 5 min. at 2000
revImin., the eluates were removed with a disposal pipette. The elution pro-
cedure was repeated two more times and the combined eluates were brought to
dryness.
Quantitation: Cholesterol was determined by the method of ZAK (13), except
for the use of Rosenthal's reagent (14) as color reagent. Namely, three ml of
glacial acetic acid were added to tubes containing cholesterol followed by the
addition of two ml of Rosenthal's reagent. After standing at room temperature
for 20 min., absorbance at 560 nm was read. Cholesteryl esters was converted
to free form by hydrolysis with two ml of alcoholic potassium hydroxide solu-
tion (ethanol-2.5 g/dl of KOH, 19: 1, vIv) at 60°C for 3 hours. The solusion
was evaporated to dryness and the above.cited procedure was carried out. The
phosphorus content of phospholipid fraction was determined by the method of
KATES (15). The results were multiplied by 25 to give the phospholipid content.
RESULTS AND DISCUSSION
Chromatographic Separation: Fig. 1 shows a chromatographic separation
of reference lipids applied individually or as a mixture and total lipids
extracted from mouse liver. Cholesterol, cholesterylstearate, fraction 1 and
fraction 6 gave positive sulfuric acid test (16). Cardiolipin, lecithin, phos-
phatidylglycerol and fraction 8 gave positive test with molybdenum blue
reagents pray (17). As a result, this solvent system revealed a good separa-
tion of cholesterol, cholesteryl esters and phospholipids from each other.
Fractions 3 and 4 were identified as triglyceride and free fatty acid, respec-
tively, although these components were not included in quantitative analyses.
Fractions 2, 5 and 7 were speculated to be methyl esters of fatty acid, digly·
ceride and monoglyceride, respectively, from the reports of MALINS et al. (18)
and SKIPSKI et al. (19).
Recovery of Cholesterol after T LC: Eight separate analyses of O. 1mg of
cholesterol applied to TLC in a single experiment are shown in Table 1.
The absorbance equivalent to 0.1 mg of cholesterol was calculated from eight
determinations. The average per cent recovery was 98.2 ± 2.2% and proved
that the extration procedure was sufficient for complete elution of cholesterol.
The presence of the small amounts of silica gel contaminated into the eluate
did not affect the determination, since a blank containing silica gel indicated
no absorbance.
The Colorimetric Method for Determination of Cholesteryl esters: Chole-
steryl esters were directly determined as cholesterol was. As shown in Fig.
2, cholesteryl esters gave far lower absorbance than equimolar quantities of
cholesterol. Next, we investigated the method for determining cholesteryl
esters. At first, the following procedure was adopted from a consideration
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Fig. 1. Chromatogram of reference compounds and total lipid extracts from mouse liver.
(I) cardiolipin; (2) phosphatidylglycerol; (3) phosphatidylcholine; (4) cholesterol; (5) chole-
sterylstearate; (6) mixture of (1)-(5); (7) total lipid extracts from mouse liver. Spots were
detected for the purpose of illustration with 30% H 2S04 spray followed by charring. Frac-
tions 1, 3, 4, 6 and 8 were identified as cholesteryl esters, triglycerides, free fatty acids,
cholesterols and phospholipids. Fractions 2, 5 and 7 were not identified.
TABLE 1 RECOVERY OF CHOLESTEROL AND CHOLESTERYLSTEARATE IN ELUATES
FROM SILICA GEL AFTER TLC
O. I mg of cholesterol 0.2 mg of cholesterylstearate
reference after TLC reference after TLC
0.552 0.546 0.610 0.636
0.547 0.534 0.626 0.609
0.551 0.547 0.616 0.607
0.549 0.542 0.599 0.616
Absorbance 0.542 0.537 0.634 0.613
0.548 0.539 0.628 0.615
0.552 0.536 0.637 0.617
0.549 0.527 0.624 0.628
Average 0.549 0.539 0.622 0.618
Average per 98. 2±2. 2% 99.4±2.9%cen~_recove~__
~-----------~--------------------- . ~ .. _----_._---,,-------
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Fig. 2. Calibration curves for cholesterol (0-0), saponified cholesterylstearate(e-el and unsaponified cholesterylstearate (A- A). Colorimetric procedures as des-
cribed in the section of materials and methods. Cholesterylstearate was calculated in chole-
sterol equivalent.
of solubility of cholesteryl esters. Three ml of acetic acid were added to test
tubes containing cholesteryl esters and then the tubes were placed in a boiling
water for one min. Color reagent was added immediately after the tubes
were removed, since the absorbance decreased with drop in temperature at
the addition of the reagent. Consequently the calibration curve almost coin-
cided with that of cholesterol. However, this method did not appear to be
suitable for an accurate analysis because of hypochromic shift. Secondarily,
the method used in determination of cholesterol was carried out after sapo-
nification. Fig. 3 represents the absorbance of 0.2 mg of cholesterylstearate
hydrolyzed for different periods. It was found hydrolysis for thFee hours was
adequate. As shown in Fig. 2 the calibration curve followed Beer's law
through absorbance of 1. 35 and revealed that equimolar concentrations of
of cholesterol and its esters yielded color of equal intensity. Furthermore,
the color remained stable for several hours.
ABELL et al. (20) adopted extraction with ether after saponification. They
used 30% KOH/Ethanol solution as saponifying reagent. We omitted
extraction and evaporated directly for the purpose of simplification of the
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method. We lowered the concentration of KOH to O. 125% so as to reduce
KOH residues after evaporation. Saponification was omitted in the methods
of ZLATKIS et al. (21) and ROSENTHAL et al. (14). Saponification step appeared
to be inevitable for the application of their methods to our system.
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Fig. 3. The effect of sponification time on absorbance measurement of cholesteryl-
stearate. Saponification was carried out at 60°C with 2 ml of alcoholic hydroxide solution
(2.5 gldl of KOH-ethanol, 1: 19, v Iv).
TABLE 2 CONTENTS OF CHOLESTEROL, CHOLESTERYL ESTERS AND PHOSPHOLIPIDS
OF MOUSE LIVER AND BOVINE REO CELL GHOST
Amounts in 1 mg of total lipid extract (.ug)
Lipids Mouse liver Bovine red
2 3 4 5 average cell ghost*
Cholesterol 41.8 42.2 44.1 43.9 41.2 42.6± 1. 5 287**
Cholesteryl 21.0 21.5 21. 7 21. 7 22.0 21.6±0.6 traceesters***
Phospholipids 570 568 558 565 555 563±8 588(Px25)
* Bovine red cell ghost was prepared by the method of HANAHAN (22).
** Average of two experiments on the same sample.
*** Calculated as cholesteryl oleate.
Recovery of Cholesterylstearate after T LC: On eight different 0.2 mg of
cholesterylstearate we performed the procedure described above. The average
per cent recovery was 99. 4±2. 9%.
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Applicability ofThis Procedure: We examined the applicability of this
procedure for microdetermination of cholesterol, its esters and phospholipids,
using for an example lipids extracted from mouse liver. The estimated
quantities of three lipid classes from five analyses are given in Table 2. The
errors inherent in this method were within 3.5%. The method described
here was also successfully applied for bovine erythrocyte membrane (Table 2).
The obtained values are in good agreement with the data of GIER and VAN
DEENEN (23).
SKIPSKI et al. (8) reported the method for analysis of neutral lipids by
TLC. As to three lipid classes described in this paper, our method is more
sensitive and simpler than their method, Microdetermination method of
triglycerides and free fatty acids is now under investigation.
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